INTRODUCTION
C1 fracture accounts for 2% of all spinal column injuries and 10% of cervical spine fractures, [3, 5] and is most frequently caused by motor vehicle accidents and falls. C1 anterior arch fracture probably results from the flexion force associated with axial loading. [4] Spontaneous disruption of the C1 anterior arch following foramen magnum decompression and C1 laminectomy is extremely rare, with only two reported cases to date. [10] Interruption of the integrity of the C1 posterior arch, iatrogenically or otherwise, was speculated to have increased the risk of C1 anterior arch fracture. [10] We present a case of spontaneous C1 anterior arch fracture following standard foramen magnum decompression for Chiari malformation type 1.
CASE REPORT
A 63-year-old man had suffered from dysesthetic pain in his right upper extremity and cough-induced headache for 30 years. Figure 1 ]. Since preoperative CT showed intact C1, it is evident that the C1 anterior arch fracture has spontaneously developed following foramen magnum decompression with C1 laminectomy. The patient was referred to our hospital at the end of January 2010. Cervical radiography showed slight instability at the C1-C2 level [ Figure 2 ]. C1-C2 posterior fusion was carried out in March 2010. Bilateral C2 crossing laminar screws were first inserted with the assistance of a navigation system (Stealth Station; Medtronic Sofamor Danek, Memphis, Tennessee, USA).
We considered crossing laminar screws for C2 to be safer for this patient because of the narrow passage of bilateral C2 pedicles. C1 lateral mass screws were then inserted under fluoroscopic guidance. The screws at C1 and C2 were connected with rods combined with lateral offset at the left and right sides, respectively (VERTEX-MAX system; Medtronic Sofamor Danek). Beta-tricalcium phosphate granules [2, 8] mixed with local bone chips were placed between the lateral masses of C1 and C2 for better bony fusion [ Figure 3 ]. Postoperative studies showed adequate placement of the implants with good cervical alignment and stability [ Figure 4 ]. Complete pain relief was achieved immediately after the second operation, and the patient resumed his daily activities as a tobacco farmer.
DISCUSSION
The present case is the third reported case of the anterior atlas fracture following foramen magnum decompression for Chiari malformation type 1. The previous two cases [10] are similar to ours in terms of development of the symptom: progression of posterior neck pain several months after posterior decompression surgery. Postoperative pain around the nuchal region is a common symptom of patients with Chiari malformation, but pain induced by motion should be carefully investigated, since this may indicate instability. Regular follow-up cervical radiography including flexion and extension studies is essential. Additional CT or magnetic resonance imaging examinations should be considered in patients with symptomatic instability at C1 and C2 for evaluation of bony and ligamentous abnormalities.
The mechanism causing postoperative spontaneous fracture of the C1 anterior arch remains unclear, but we suspect that an excessive axial load force was transmitted to the C1 anterior arch due to the lack of the C1 posterior arch and its associated musculoligamentous structures following foramen magnum decompression and C1 laminectomy. Similarly, in the case of an anterior bifid anomaly of C1, C1-sparing foramen magnum decompression or posterior decompression with fusion should be considered. [1] Standard surgical tactics for Chiari malformation include suboccipital craniectomy of 3 cm by 3 cm and C1 laminectomy, [9] which were performed in this case as well. The length of bed rest or the type of external orthosis might have led to the development of C1-2 instability, resulting in C1 anterior arch fracture. Disruption of the posterior arch is very likely to be involved in the development of the anterior arch fracture, but other unknown factors may also be important.
The C2 crossing laminar screw is a useful device in posterior cervical fusion. A biomechanical comparison of C2 crossing laminar screws with transarticular or pedicle screws has demonstrated equivalent rigidity in flexion, extension, and rotation. [6] Use of the C2 crossing laminar screw is a newer technique and further study is required before widespread implementation, [7] but the technique is straightforward and carries little risk of injury to the neural and vascular structures. [11, 12] Navigation systems are widely available nowadays and seem to be almost indispensible for inserting the crossing laminar screws into the most appropriate position.
In conclusion, C1 laminectomy may carry the risk of developing postoperative spontaneous C1 anterior arch fracture, although the incidence is very low. Neurosurgeons should recognize that fracture of the atlas, which commonly results from an axial loading force, can occur in the postoperative period in patients with Chiari malformation. 
